Résume -Nous examinons en particulier une sélection d'expériences possibles de première génération pour un faisceau de deuteron d'énergie intermédiaire.
The polarised deuteron beam at the Saturne accelerator is now working well and in the preceding talk Boudard described some of the experiments that have already been performed at this facility. I want to start by outlining a couple of the many experiments which would provide complementary nuclear or particle physics information if they were performed with this or higher energy beams.
The second half of the talk will be devoted to examining the vital question of how one can measure the polarisation of a deuteron produced in a high energy nuclear reaction. I shall present a proposal for a novel measurement of the tensor polarisations t,-and t". developed in collaboration with David Bugg. Apart from using this technique as the basis of a practical scattering polarimeter, the same physical ideas could be very helpful in separating the nuclear response functions to the probing by IT and p fields. I shall finish by considering briefly the LAMPF method for determining the vector analysing power of the deuteron.
Polarisation effects should persist in deuteron reactions up to arbitrarily high energies and to see this let me remind you of some undergraduate nuclear physics. Due to the tensor force the deuteron ground state is not spherically symmetric: there is a small amount of D-wave with a probability P of the order of 4 -7%. The explicit wave functions for a deuteron with spin projections M = 1 and M = 0, in either configuration or momentum space, are (la) (lb) where the proton and neutron spinors of spin up (down) are denoted by u + and v + (u_ and v_) respectively.
Since in configuration space both the S and D-state wave functions i|ig and i*^ are positive the deuteron has a cigar-like deformation. Even allowing for a Lorentz contraction a deuteron with helicity ± 1 coming towards you would look smaller than one with M = 0. There is thus at the very least a geometric contribution to the Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1985237 C2-310 JOURNAL DE PHYSIQUE tensor polarisation which will not vanish at high energies. You can see from the two typical potential model parameterisations of the momentum space wave functions shown in (Fig. 1) that J,D(p) is negative so that in momentum space the deuteron is more like a pancake. In experiments which are sensitive to the Fermi momentum this deformation also will induce a tensor effect.
Most of the experimental verifications of these wave functions come from the form factors deter--mined in electron-deuteron scattering but these are convolutions of momentum space wave functions at different values of p. Can we measure J, (p) D more directly? In a high energy deuteron breakup reaction d + p + n + p + p near the peak of quasi-free p-p scattering kinematics the momentum of the neutron will reflect the initial Fermi momentum of the deuteron wave function.
This depends, through JI (p), on the deuteron alignment. I believe tRat higher order corrections can be controlled sufficiently to allow J, (p) to be well determined in this way up to at
least 250 MeV/c as it is for the average wave P fm-'I function shown in (Fig. 2) . There are two total cross sections for the interaction of a polarised deuteron with an unpolarised target, viz o T M=O and u . However even for a deformed deuteron there is no simple single scattering contribution to the align--T + ment dependence of o (dp) where just -one of the constituent nucleons hits la the proton and we must investigate a series of more interesting effects such as lo-' -A) There is a double scattering term since there is a greater chance of one nucleon being shadowed by the other when the cigar is pointing towards the target.
In the crudest Glauber estimate /3/ the difference depends only upon the average nucleon-nucleon B) I do not need to tell the present audience that the forward nucleon-nucleon amplitudes are strongly spin dependent in the GeV region. As a consequence there is a double scattering contribution linked to repeated N-N spin flips even for a purely S-wave deuteron. In the simplest Glauber model where we keep only imaginary parts of the amplitudes for point nucleons this yields / 4 / where AaL and Aa are the differences in the longitudinal and transverse N-N total T cross sections. At 2 GeV this effect is also predicted to be positive and about +0.5%. The inclusion of the real parts of the amplitudes in Eqn 3 will modify the result somewhat but the effect gets smaller at high energies.
C)
I expect the most exciting contribution to come from inelastic intermediate states in double scattering which may also be treated as exchange current efects /5/. A proton produces a mass of particles on the first nucleon in the deuteron and these are then absorbed on the second as illustrated in Fig. 3a . We can try to estimate such effects using triple Regge language for the product of high energy production and absorption. This then looks like the exchange current diagram of Fig. 3b where the proton scatters elastically from a Reggeon in the deuteron. A ~articularly important term for the spin dependence comes for the production through pion exchange. The Reggeon in Fig. 3b is replaced by a pion and the diagram estimated by feeding in pion-nucleon amplitudes. As can be seen from Fig. 4 the effect is large for 2 GeV deuterons due to the virtual production of the A resonance but even at the highest energies it remains similar in magnitude to that coming from the geometric deformation. There are other smaller effects /3/ connected with Fermi motion and multiple scattering but the estimates given so far for a 2 GeV deuteron add up to -a )/o = + 3.5%, i.e. t20 = -0.017. In a well designed total cross section 0 1 experiment tZ0 should be obtained to parts per thousand but no experiment has yet been attempted. The above estimate is however reassuringly close to half the + forward elastic dp value (t20 = -5 + 2%) /6/ which one would expect if all the c2-312 JOURNAL DE PHYSIQUE Table I : Suggested first generation experiments with a polarised deuteron beam amplitudes were purely imaginary. dp : a T 3 dF:
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standing of the dynamics to be able to analyse the final deuteron polarisation.
In the case of electron-deuteron elastic scattering a measurement of the tensor polarisation is necessary in order to separate the charge and quadrupole form factors 181. However practical tensor exchange reaction dp -t (pp)n taking place current contribution of Fig. 3b to the on either hydrogen or a complex nucleus proton-deuteron total cross section might be a useful analyser. If the two difference.
protons are selected to emerge with low relative excitation energies then the Pauli principle ensures that they are in singlet states and this imposes strong constraints on the spin-dependence of the reaction. where the transition form factor is + and k is the relative momentum of the di-proton pair. The formulae should really be applied in a system such as the Breit frame where there is no energy loss by the projectile but for the small angles that we are interested in this is essentially the same as the deuteron laboratory system. The formulae have also been derived with the quantisation axis along 3 but it is trivial to rotate to a beam quantisation /lo/. In tion model 6 = C and 6 = C(U -q2)/(p2+ q2)
where C is constant and p is the pion mass. Such a situation would lead to a maximal value of t (1142) and a tZ2 which would 20 P also be maximal ($43) for s = u. However QE -0.2 P-exchange contributes to ;he 6 amplitude and at low energies changes the sign of the predicted value of t20 though merely diluting the value of t22. Double scattering 0 in the deuteron should change only slightly the re dictions shown in Fig. 6 .
We must now repeat the analysis for the + Fig. 6 -Prediction for t20 and tZ2 for dp + Explicit calculations with these scattering wave functions singlet n versus momentum transfer between the show that the singlet dominates deuteron and di-proton. Numbers indicate nucleon not only for small k laboratory energies Tp in MeV.
(< 100 MeV/c) but a130 when < is perpendicular to k. This is due to the antisymmetry of It. We are therefore not restricted to working with just the narrow d* peak. If we empirically select events by imposing either then with such cuts is about 85% of the value shown for the pure singlet state in Fig. 6 . Fig. 7 . The signal looks very healthy except for t20 in the region of about 1.6 GeV/c deuteron momenta. This is due to the E amplitude decreasing from the value shown in Fig. 5 such that for T = 290 MeV 1 61 = 1 6 1 -I c 1 in the forward direction /Ill. This observation is veryPunfortunate because it is an interesting region of deuteron momenta for the polarimeter. 
20
One way around this problem might be to use a moderate size nucleus such as carbon as the target in the polarimeter. In a nucleus the 6 amplitude should be damped much less than the B or E due to the long range of the pion field. The cross-over from negative to positive t20 should then occur at lower energies. Detailed estimates of the distortion are underway but the surest way is to carry out a test measurement with the Saclay beam. The choice of nucleus is important due to the Pauli blocking of the final nuclear states. Even without distortion we only expect something less than two out of the six protons in 12c to contribute.effectively to such a small angle charge exchange reaction.
The same arguments can be applied to the monitoring of the tensor polarisation of a deuterium target by measuring the forward-going neutron produced by a charge exchange of a high energy proton beam. Summing over all p-p final states we can get closure sum rules where S(q) is the deuteron S-wave form factor. The deuteron D-state reduces the tensor polarisations very slightly and the results of the sum rules including the D-state are shown in Fig. 8 . The appreciable signal for small momentum transfers Fig. 8 -Predicted tensor polarisation at + Td = 800 MeV for dp + (pp)n as a function of q from the sum rule of Eqn. 12 but including the deuteron D-state. state of the order of an MeV. This experiment is just as easy or difficult to do with polarised as unpolarised deuterons at Saturne. This is clearly not the experimental set-up that one would use for a polarimeter but the technique should allow one to distinguish between exchanges responsible for the 6, 6 and E amplitudes. Tests of this are expected soon.
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Deuteron vector polarimeters are much easier to construct than tensor at high energies due to the high nucleon-nucleon analysing powers. Their calibration can be a problem though. I want to finish the talk with a few thoughts on the Los Alamos vector polarimeter 1171. Look at the M = 1 wave function in Eqn. la. The excess of protons with spin up over spin down is
If we can strip the neutron from a high energy polarised deuteron beam without upsetting the proton spin a measure of the proton polarisation would provide a measure of the deuteron vector polarisation with efficiency (P+ -P-) x the proton + analyser efficiency. This reasoning works well for the dp -+ ppn reaction in the region of quasi-free p-p kinematics at moderate t 1181. This technique has been employed reasonably successfully at LAMPF by firing deuterons into a carbon dissociator and taking off the produced protons in the forward direction. In principle this is quite dangerous because in such small momentum transfer reactions the n-p final pair is at low relative energy and the final state interaction between them is then very strong. After all it is this which can change the classification of an event from one of break-up back to elastic scattering. In this region the strong n-p tensor force could then upset the simple estimate based upon Eqn. 13.
Boudard and I have made a preliminary estimate using a spin-transfer closure sum rule 1191. We find that the final state interaction globally increases the efficiency of the polarimeter and the 90% factor in Eqn. 13 is improved on average to about 95% depending upon the experimental conditions. Of oourse we should really do a more complete estimate folding in the experimental cuts. We cannot then use sum rules and must go back to the separable potential description of the n-p final state wave function. In conclusion there are plenty of interesting experiments to do with a polarised deuteron beam. I am also quite optimistic concerning both vector and tensor polarimeters in the intermediate energy range. The moral for both polarimeters is though clear: don't trust the theoreticians. They may give you ideas where to look but in the end you have to calibrate your polarimeters against some known standards. I am grateful to Alain Boudard and David Bugg for many of the ideas I have here presented on polarimeters.
